and dehydroepiandrosterone (DHEA) from the adrenal cortex, in response to 48 adrenocorticotropic hormone (ACTH). The aim of this study was to verify whether 49 overstocking during the dry period affects DHEA and C secretion and behavior in Holstein 50
Friesian cows. Twenty-eight cows were randomly divided into two groups (14 animals each), 51 balanced for number of lactations, BCS (body condition score) and expected date of calving. 52
Cows in the far-off phase of the dry period (from 60 to 21 days before the expected calving 53 date) were housed together in a bedded-pack. Then, animals from 21±3 days to the expected 54 calving until calving were housed in pens with the same size but under different crowding 55 conditions due to the introduction into the pen of heifers (interference animals). Control 56 condition (CTR) had 2 animals per pen with 12.0 m 2 each, while the overstocked condition 57 (OS) had three interference animals in the same pen with 4,8 m 2 for each animal. On days -58 30±3, -21±3, -15±3, -10±3, -5±3 before and 10, 20, 30 after calving blood samples were 59 collected from each cow for the determination of plasma DHEA and C concentrations by 60 RIA. Rumination time, activity (steps/h), lying time (min) and lying bouts were also 61 individually daily recorded daily. In both groups, there was an increase in DHEA before 62 calving and after parturition the concentration declined rapidly. Overstocking significantly 63 increased DHEA concentration compared to CTR group at day -10 (1.79±0.09 vs 1.24±0.14 64 pmol/ml) while an increase of C was observed at day -15 (3.64±0.52 vs 1.64±0.46 ng/ml). 65 However, nNo relationship was found between DHEA and C. OS group showed significantly 66 higher activity (step/hour), compared with CTR group. Daily lying bouts tended to be higher 67 for OS group compared with CTR group in the first week of treatment. The overall results of 68 this study show that overstocking during the dry period is associated with changes in DHEA 69 and C. Additional researches are required to determine whether these hormonal changes are 70 effective in affecting the subsequent behaviour performance. 71 72 73
Key words: dairy cattle, cortisol, dehydroepiandrosterone, overstocking, dry period 74 75 INTRODUCTION 76 Stressful situations trigger a number of changes such as activation of the sympathetic 77 nervous system and hypothalamic-pituitary-adrenal axis. As a consequence, the adrenal 78 cortex, in response to adrenocorticotropic hormone (ACTH), starts to secrete both cortisol and 79 dehydroepiandrosterone (DHEA). Cortisol and DHEA are produced in different sections of 80 the adrenal cortex; the zona fasciculata secretes cortisol while the zona reticularis secretes 81 DHEA and its sulfated metabolite dehydroepiandrosterone sulfate (DHEA-S) (Nguyen and 82 Conley, 2008) . In female primates, DHEA and DHEA-S are also produced in the ovary 83 (Sirinathsinghji and Mills 1983) and in primates and rodents DHEA is produced within the 84 central nervous system and in peripheral nerves (Baulieu, 1998) . 85
Cortisol stimulates the mobilization of the energy needed to overcoming stressors; DHEA and 86 DHEA-S are androgen precursors that have been shown to exert antioxidative and anti-87 inflammatory effects (Kalimi et al., 1994; Maninger et al., 2009) DHEA-S in response to the stressor have been found in both men and women, along with 93 significantly increased ACTH, cortisol, heart rate and blood pressure. 94
In cows, circulating DHEA-S is significantly lower than DHEA, and DHEA release is very 95 different among individuals (Feher et al. 1977 , Marinelli et al., 2007 . In cows as in most non-96 primate mammals DHEA could be considered an index of the P450c17 enzyme activity and 97 the most important circulating precursor of ectopic androgens and estrogens synthesis; on the 98 contrary, DHEA-S contribution as an androgen reservoir is rather limited (Marinelli et al., 99 2007 Animals were randomly divided into two groups (14 animals each), balanced for 127 number of lactations, BCS (body condition score) and expected date of calving.. Cows in the 128 far-off phase of the dry period (from 60 to 21 days before the expected calving date) were 129 housed together in a bedded-pack and received water and grass hay ad libitum. From 21±3 130 days until calving animals were housed in two bedded-pack groups where they had ad libitum 131 access to water and were fed daily using total mixed ration. After calving cows were housed 132 together in a bedded pack area for the first 2 weeks of lactation and then moved to a free-stall 133 pen for the rest of lactation. The total mixed rations (TMR) were fed approximately at 7 am 134 for lactating cows and 9 am for dry cows. TMR samples were collected weekly throughout 135 the study and analyzed for the chemical composition according to the following methods: dry 136 matter (DM) was determined gravimetrically drying the sample at 103°C to a constant weight, 137 crude protein (CP), neutral detergent fibre (aNDFom), and acid detergent fiber (ADF) were 138 determined according to Mertens (2002) , and AOAC 973.18, respectively. Starch was 139 determined according to AOAC official method (AOAC 996.11) and ether extract according 140 to AOAC 920.390020. Diet composition and analysis for both dry period and lactation are 141 shown in Table 1 . 142 143
Experimental design, blood sampling and hormone assays 144
Animals from 21 days to the expected calving until calving were housed in pens with 145 the same size (24,0 m 2 in total with 15,5 m 2 of resting area and 8,5 m 2 of feeding area) but in 146 different crowding conditions due to the introduction into the pen of heifers (interference 147 animals) having a body weight of 500-550 Kg. In particular, control condition (CTR) had 2 148 animals per pen with 12.0 m 2 each, while the overstocked condition (OS) had three 149 interference animals in the same pen with 4,8 m 2 for each animal. Bunk space is 3.3 m long 150 and design with a neck rail allowing a space of 1.65 for control animal and 0.66 for OS 151 animal. Resting area is a deep-bedded pack with straw added twice a day. 152
On days -30±3, -21±3, -15±3, -10±3, -5±3 before and 10, 20, 30 after calving blood 153 samples were collected from each cow before the morning feeding from the jugular vein into 154 heparinized tubes for the determination of plasma DHEA and C concentrations. 155
After collection, blood samples were placed immediately on ice and centrifuged at 156 1200 x g for 20 min at 4°C. Plasma was harvested and stored at -20°C until steroids were 157 measured. Plasma cortisol concentration was determined using a validated RIA as previously 158 described (Tamanini et al 1983) . The sensitivity of the assay was 4.3 pg/tube, and the intra-159 and inter-assay coefficients of variation were 5.4% and 8.6%, respectively. Cortisol plasma 160 levels were expressed as ng/mL. 161 Plasma DHEA was measured by a microtiter RIA method previously described (Gabai  162   et 
Monitoring Behavior 253

Rumination time 254
There were no differences between treatments regarding rumination time (total 255 minutes of rumination/day) ( 
DISCUSSION
268
To our knowledge, this is the first study that demonstrates the difference in time-269 course variation of DHEA and cortisol secretion in response to overstocking during the dry 270 period in Holstein Friesian cows. In both groups, an increase in DHEA was observed before 271 calving, which tended to be more evident in the overstocked group, although the difference 272 between groups was significant only at -10 days. Then, DHEA concentrations rapidly 273 declined after parturition. 274
In primates and rodents, it is generally accepted that DHEA is secreted mainly by the 275 adrenal cortex and the ovary (Baulieu, 1998), and peripheral tissues are able to metabolize 276 this steroid into active androgens and estrogens (Labrie, 1991) . In pregnant primates and 277 Commento [MB2]: Poiché vi è solo una modifica di pattern ornonali, non sarebbe utile discutere qui il modello di stress utilizzato^ cioò discutere perché si è scelto di "stressarla" secondo quell'area per animale? Magari riportando che altri studi ritengono questo modello sufficiente per creare uno stress importante…. horses, placenta can utilize circulating DHEA to synthesize estrogens (Strauss et al., 1996) 
DHEA. 298
Walking is associated to an increase in plasma cortisol concentrations (Coulon et al., 299 1998 ) and, likely, the OS cows, which displayed the greater number of steps per hour and thus 300 were more active, experienced higher cortisol concentrations during the pre-partum period, 301 likely resulting in the higher cortisol concentrations observed on day -15. The suitability of 302 blood cortisol as a stress biomarker in livestock is in doubt because its variability and as blood 303 sampling is an invasive technique that can cause the activation of the HPA (Mormede et al., 304 2007). Therefore, the intrinsic variability in plasma cortisol could have masked the greater 305 HPA activation associated with OS and increased walking. Moreover, it is possible that the 306 cows' HPA axis responded to increased walking during the first days of the OS treatment and 307 then animals incurred in habituation. Indeed, Coulon et al. (1998) observed that cortisol 308 concentrations were higher on days 1 and 8 in cows that walked in comparison with cows that 309 remained at the barn, but the difference was not anymore evident after 20 days. 310
As glucocorticoids can alter placental steroidogenesis (Gross and Williams, 1988; 311 Shenavai et al., 2012) , it is possible that the modified endocrine milieu affects pregnancy 312 length. However, in this experiment the increased plasma DHEA observed in OS cows was 313 not associated with differences in pregnancy length, although days dry tended to be lower for 314
OS animals. 315
Current recommendations for feed bunk space for prepartum freestall-housed dry cows 316 is to provide a minimum of 0.76 m of linear bunk space per cow (Nordlund et al., 2006) . In 317 the present study, control cows had 1.2 m of bunk space per cow and OS cows had only 0.66 318 m of bunk space, which should provide adequate to limited bunk space. Reducing linear 319 feeding space has been observed to increase competition at the feed bunk (Huzzey et al., 2006 320 Collings et. al., 2011 . However the results of these studies, while showing more cow 321 displacements from the feed bunk, the effect on DMI is little in some studies with mid-322 lactation cows (Collins et al., 2011) but greater in others that studied dry cows (Huzzey, 323 2013) . In a study on lactating cows, it was observed a reduction in feeding time in 324 multiparous cows (Proudfoot et al., 2009 ) and, in other studies, the competitively fed cows 325 had fewer meals per day with a tendency of larger and longer meals (Olofsson, 1999; 326 Hosseinkhani et al., 2008) . Olofsson (1999) found that competition slightly increased the 327 DMI of dairy cows, and this increase was driven by an increase in feeding rate. Based on 328 Commento [MB3]: Rispetto al commento precedente qui vi è il riferimento che intendevo almeno per lo spazio di accesso alla mangiatoia these studies, it is not surprising to have little or no effect on DMI with the feed bunk 329 restriction used in the current study. 330
Rumination times were not different in OS animals in the current analysis. This 331 parameter can be a key indicator of DMI, therefore animal in both groups had similar rumen 332 activities and more than likely similar intakes. 333
In some studies, lying time has been shown to be decreased with increased stocking 334 density (Krawczel et al., 2012; Lobeck-Luchterhand et al., 2015) ; however, other studies 335 using late lactation or dry cows showed no differences (Collings, 2011; Huzzey et al., 2012) . 336
It is consistent that dry cows with more available time throughout the day (Grant, 2001) Commento [MB4]: Questa frase però io non la metterei, nel senso che potrebbe indurre il reviewer a criticare la scelta del modello vedendo che già altri hanno riportato lo stesso risultato. Magari sottolineerei le eventuali differenze con quei lavori che magari non prevedevano le analisi ormonali Mean lying bouts tended to be higher in OS group the first week of overcrowding, 354 indicating an adjustment period was occurring. Animals had a resting time that is more 355 disrupted, considering that the daily lying time were divided in more bouts. After this first 356
week, the behavior was similar in OS and control animals. Competition at the feed bunk 357 generally increased standing time in multiparous transition cows (Proudfoot et al., 2009 ) and 358 in midlactation cows (Olofsson, 1999; Huzzey et al., 2006) . The importance of this is 359 determined by the overall DMI of the animals. Excessive standing time is a risk factor for 360 developing lameness conditions such as claw horn lesions (Greenough and Vermunt, 1991; 361 Singh et al., 1993) . Avoiding excessive standing is important throughout lactation, but in 362 particular during transition when animals are subjected to many endocrine and metabolic 363 changes (Goff and Horst, 1997) . 364
In our study OS animals showed higher activityies, measured by the number of steps 365 per hour, that indicates the increased need of movement in the pen. This represents another 366 indication of stress occurring in this phase. An increased number of animal displacements and 367 animal movement would be expected with overcrowding and feed bunk restriction (Collings, 368 2011; Huzzey 2012) and the stress of this could be expected to alter parameters being 369 measured in this study. 370
Energy corrected milk production were not different among treatments. Recent study 371 (Silva et al., 2014) reports no difference in yield of ECM. It would be expected that the 372 minimal differences in cow behavior and DMI as observed in this study, would not carry 373 through to any differences in DMI or early lactation milk production in these animals. 374
The overall results of this study show that overstocking during the dry period is 375 associated with changes in DHEA and cortisol. However, aAdditional researches are required 376 to determine whether these hormonal changes are effective in affecting the subsequent 377 behavior performance or can affect the duration of the dry period. 
